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@ Stimulating factor of the neu racaptor. 



@ The neu proto-oncogene encodes a transmembrane glycoprotein related to the receptor for 
epidermal growth factor (EOF). Purification of a stimulating factor for the neu receptor to honDogeneity 
from ras-transfonmed fibroblasts has now been achieved. Its identity aa a neu receptor stimulating 
factor has been established by covalent crossllnking experiments. The factor stimiiates the tyrosine 
phosphorylation of the nea receptor at low concentrations. The factor inhibits the proliferation and 
promotes the drfTerentiation of human carcinoma cells. 
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geld Of The Invention 

This invention retatee to a novel, purified mamnrwilian proteinaceous factor which interaca with and stinrKh 
[ates the neu receptor and nK)dulate3 cellular proliferation and differentiation. 



Backcaround Of The Inwntion 

The enrymatic cat^ysls of the transfer of the phosphate group to tyrosyl residues of poiypeptidea. achieved 
by tyrosine kinase enzymes, appears to t>e associated with the control of ceil growth, Sflweral receptors for 
polypeptide gowth fectors belong to a fanuly of transmembrane glycoproteina with Intrinsic tyroaine kinase 
activity (UlWch. A., and Schlesslnger, J,. Ceff §1:203.212, 1990). This group, whfch includes the receptors for 
the epidem»J growth fector (EGF), Insulin, and the platelet derived growth factor (PDGF), m characterized by 
the presence of a single transmemt)rane domain which connects a large extracellular Tigand-blnding domain 
with a cytoplasmfadng protein kinase catalytic core. In addition to receptora for welWcnown growth and main- 
tenance Actors, several membere of this famUy of tyrosine kinases appear to be regutatod by yet unknown 
liganda (Hanks, S.IC Cur. Op, Struct Biol. 1:369-383. 1 991 ). 

The protein encoded by the neu gene (also known as the o-erbB-2 or HER-2 gene) s an example of such 
a receptor-like tyrosine kinase. Fkst Wentrfied by Its ampltficatton in a human manwnary cardnoma (King, CR. 
et al., EMSO J. 7:164-165, 1988) and by virtue of its relatedness to the EGF-receptor (Schechter, A. L et ai., 
NBium 312513-516. 1984; Semba, K. et al„ Proc. NaU. Acad. Sd. USA 82:6497-6501, 1985), the fulWength 
gene codes for a transmembrane tyrosine kinase which shows extensive structural homologies with receptora 
for known growth factors, particulariy the epidennal growth factor (EGF)-receptor (Coussens, L et al., Sdenco 
230:1132-1139, 1985; Bargmann, CI. et al., NaturB 319:226-230, 1986; Yamamoto, T. et al., NaturB 319:230- 
234, 1986). The protein Is a 1 85 kDa transmembrane glycoprotein (i.e., p1 B5^ protein) having an extracellular 
25 domain, a cytoplasnw: portion which carries mostly tyrosine kinase sequences, and a relatively short trans- 
membrane stretch. The rodent homdog of the neu gene has been shown to undergo activation as an oncogene 
by a point mutatfon within the transmembrane domain of amino acids (Bargmann, C.I. et ai.. Cell 45:649-657, 
1986). The human gene Is amplified in adenocarcinomas from several tissues, and the protein is overexpressed 
in approximately twenty-five percent of primary breast cardnonras (Kraus, M.H. et al., EMBO J. 6:605-610, 
» 1987; Slamon, D J. et al.. Science 235:177-182, 1987; Variey. J.M. et al.. Oncogene 1:423430, 1987; Van de 
Vijver. et al., MoL CeO. Bid. 7:2019-2023, 1987). An association between gene amplificaticn and overexpres- 
8k)n with dinicai outcome has been reported in breast and ovarian cancers (Slamon. D.J. et al., Sdence 
235:177-182, 1987; Variey. J.M. et al.. Oncogene 1:423-430, 1987; Venter, D.J. et al., Uncet ii, 67-72, 1987; 
Zhou, D.etal., Cancer /?es. 47:6123-6125, 1987; Berger. M.S. etal., CancerCe/te48: 1238-1243, 1988;Tsuda, 
« H. et al.. Cancer Res. 49:3104-3108. 1989; Slamon. DJ. et al., Sdence 244:707-712, 1989). Consistent with 
these observations, ectopic overexpresston of neu can transform rodent fibroblasts (Difkxe, P.P. et al., Sdence 
237:178-182, 1987: Hudziak, R.M. et aL, Proc. Naff. Acad. Sd. USA 84:7159-7163. 1987). 

By the use of monoctonal antibodies (Yarden. Y. Proc. Natl. Acad. Sd. USA 87: 2564-2573, 1987; Scott, 
GX et al., J. Bid. Oient 266:14300-14305, 1991), and chimeric proteins (Lee. J. et al., EMBO J. 8:167-173, 
1989; Lehvaslaiho, H. etal., EMBO J. 8:159-166. 1989; Peles. E. etal.. EMBO J. 10:2077-2086, 1991; Fazidi, 
F. etal., Md. Cell Bid. 11:2040-2048, 1991), it has been possible to demonstrate that the tyrosine kinase portion 
r of the protein encoded by the neu gene can be stimulated to transmit growth regulatory biochemical signals. 
y Based on the functional and structural simflarities between the p185««' protein and known receptors for growth 
if factore, these results led to the assumption that an endogenous ligand of p185^ protein exists. Using a series 
^ of btechemical assays to screen potential biological sources of the iigand, oncogene-transforroed Ratl-EJ fib- 
roblasts (Und, H. et al.. Nature 304: 596-602, 1 983) have been identified as producere of an activity that specH 
fically affects the functions of the neu protein, including receptor down-regulation, autophosphorylatwn on 
- tyrosine resUuea, and mitogenic activity (Yarden, Y. and Weinberg. R^, Proa A/atf. Acad. Sd. USA 86:3179- 
' 3188, 1989). Other laboratories hav reported the existence of neu-specific activating factora partially purified 
: from human breast cancer cells (Upu, R. etal., Sdence 249: 1552-1555, 1990). bovine kidney cells, (Huang, 
^ S,S. et al., J. Bid. Chem. 265:3340-3346. 1990), transfonned human T-ceils (Dobashi, K. et al., Pnoc. NaU. 
^d. SdL^SA 88:8582-8586, 1991: Davis, J.G. etal.,eK)c/iem Biophys. Res. Comman. 179:1536-1542, 1991; 
''^ 91/15230) and activated macrophages (Tarakhovsky, A. et al.. Oncogene 6:2187-2196, 1991). 

§Si!5mary Of The Invention 
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In acoordanco with this invention, a specific stimulating factor (hereinafter the "neo feceptor stinnulaliog 
fectoO for p185** protein (hereinafter the "n u receptor^ has now been purified to homogeneity from tissue 
culture media coocitioned by ras-traasfooned rat fibroblasts, and various biochemica ind btological properties 
of the ligand have been determined. Thus, the present invention provides a spacfic purified mammaTian 
stimulating fector for the neu receptor, o6tainable In an essentially homogeneous fdrci from media conditioned 
by ms-transfbmiad fibroblasts. The noa stimulating factor is obtainable In accordance with thia invention from 
such conditioned media by the coinbined use of at least three of the following far steps: heparin aftinity 
chromatography, hydrophobic interaction chromatography, cation exchange chromatography and metal che- 
late affinity chromatography, and preferably with use of all four steps in the above order. 

It has been found that the neu receptor stimulating factor of this invention is a gfycoprotein with a molecular 
weight of about 44.000 daltons, (I.e., 44,000 ± 5,000). The stimulatory factor may or may not bind directJy to 
the neu receptor as a ligand. 

The stimula&ng factor is acth/e at the piconrKilar range of concentration in stimiiaong neu receptor tyrosine 
phosphorylation, and yields amino add sequences that show no homology with any known proteins. When tes- 
ted on cultured txsnan breast carcinoma ceils, as is shown In the accompanying dsta, the stimulating factor 
induced phenotypic cellular differentiation that included nwirkediy altered cellular morphology, and synthesis 
of milk components (i.e., casein and lipids). These changes were accompanied by an Increase in nuclear area, 
an inhibition of cafl growth, and the induction of DMA polyploidy. 

On the basis of this and other biological evidence, including an analogy to growth and differentiation factors, 
it is envisaged that the neu receptor stimulating factor of this Invention wfll have various potential applications. 
For one. the stimulating factor wfll most likely modulate proliferation and differentiaticn of ceils expressing neu 
receptor and may accordingly be used for the stimulation of tissue regeneration after injury, Furthennore, the 
stknulating factor of this Invention may be used as an anti-cancer dmg either by itearf (because of its activity 
as a differentiation factor), or to direct conjugated toxins, radionudWes or cytokines to cancer cells in certain 
cases, o,g., adenocarcinomas of the breast, ovary, stomach, or prostate gland that overexpress the neu recep- 
tor (because of Is selectwe affinity for the neu receptor, similar to disease targeting of a toxin by conjugation 
to monoclonal antibodies). 

Antibodies against the neu receptor stimulatory factor may be raised and used for certain diagnostic appli- 
cations, e.g., PDeasuring altered levels of stimulating factor in human diseases such as cancer, and may also 
serve to block the effects of the stimulating factor on cells, such as inhibition of ceflUar proliferation. 

Briefly, this inventfon encompasses in its various aspects a purified mammalian receptor stimulating factor 
having the properties described herein, and which is obtained by the described method of purification; analogs, 
variants and active fragments thereof having substantially the same biological activity of the factor as can be 
assayed by the methods described herein (e.g, the neu Receptor Tyrosine Phosphorylation assay); methods 
of modulating cellular btotogical activity, e.g,. proliferation and differentiation, by application of the factor alone 
or in conjunction with other therapeutic agents; antibodies raised against the factor which themselves have 
therapeutic value; methods of diagnosing abnormal levels of the neu receptor in the body, e.g., as overexp- 
ressed on the surface of tumor cells, by use of the factor and its binding properties; and nrjethods of diagnosing 
abnonmal levels of the factor itself by use of the anti-factor antibodies. 

The invention is specifically illustrated in the Examples with reference to mammalian neu receptor stimulat- 
ing factor purified from transformed rat fibroblasts. This factor is highly active in stimulating human neu receptor 
and in inducing growth arrest and phenotypic differences of human breast carcinoma cells, as shown. Because 
of these effects as well as the very substantial homology between simflar factors of different mammalian 
epecies, it is expected that honrwiogous neu receptor stimulating factore purified from human or other mam- 
"^ian sources wil induce substantially the same bfological effects on hunr«n ceils expressing neu receptor 
and have the same practical applications. Moreover, the described procedures will enable the purification of 
"^mmalian neu receptor stimulating factor from the conditioned media of the ceU lines of other mammalian 
•Pecies that produce neu rec ptor stimulatory activity, e.g,, MDA.MB-231 human breast carcinoma cells (Lupu, 
^ at al., supra) : transformed human T cells (Dobashl. K. et al. supra) , etc., and ail th se mammalian factors, 
"nduding the human factor, are encompassed by the present invention. 

Brief Description Of Th Drawings 

^Figure 1 depicts initial fractionation of Rat1-EJ 1-1 cell conditioned media by Heparin-Sepharose column 
7**^atography and shows the effect of the column fractions on tyrosine phosphorylation of the neu receptor 
^ the tumor cell line MDA-MB-453. Semm-free medium was han/ested from roller bottles containing Rat1-EJ 
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of this chromatDgraphy step is depicted cn the absorption profile. Samples of the fracoons were tested for the 
presence of the n«/ receptor stimulating factor. Each protein sampi was inajl)ated wtt a monolayer of MDA- 
MB-453 cells. The cells were lysed and the whole cell lysates were Western t>lotted vih antibodies to phos* 
photyroslne. The results are shown as an autoradiogram and the fraction numbers are indicated Onset), For 
quantitath^e detamination of the stimtiating factor, the autoradiogram was scanned by an automated scanning 
densitometer. The points on the graph of the scan conwponding to the fraction numbera in the autoradiogram 
are indicated by dosed drdes. 

Figure 2 depids additional purification of the neu ligand using Phenyi-Superose cdumn chromatography. 
Proteins from the Heparin-Sepharose fractions with neu receptor stinrHjIating activity (Fig. 1) were pooled, con- 
centrated, and (NH4)2S04 was added to a final concentration of 1,7 M. This materia was loaded onto a Phe- 
nyl-Superose cdunn, and eluted from the column by decreasing the ammonium sulfate concentration. 
Fractions were tested for the presence of stimulating factor in the same manner as described for Rg. 1 (inset). 

Figure 3 depicts further purification of the neo receptor stimulating factor using Mono S coiumn 
chromatography. Proteins from the active Phenyl-Superose fractions of Fig. 2 were loaced into a Mono S cation 
exchange column, and eluted with a gradient of increasing salt concentration. Samples from individual column 
fractions were tested on MDA-MB-453 ceils as in Figs. 1 and 2 for the induction of tyrosine phosphorylation of 
neu receptor (inset). 

Figure 4 depicts continued purificaticn of the neu ligand by metal chelate affinity cromatography. Proteins 
from actwe cation exchange fractions of Fig. 3 were fractionated by chnxnatograony on a Cu^*- chelating 
Sepharose column. Bound proteins were eluted with a gradient of increasing ammontm chloride and the frac- 
tions were tested for induction of tyrosine phosphorylation of neu receptor in the same manner as described 
above. 

Figure 5 shows sodium dodecyl stitfate polyacrylamide gel electrophoresis (SDS-PAGE) analysis of pro- 
teins in active fractions from the chelating Sepharose column of Rgure 4. AJiquots (0.01 mi) of the active frac- 
tions were subjected to electrophoresis in a 4-20% gradient polyacrylamide gel under redudng conditions. The 
gel was stained using a sflver staining kit The locations of the moiecuiar weight maricer proteins (BRU 
Bethesda, MD) ara indicated in kilodaitons. 

Figure 6 shows recovery of the neu receptor stimulating factor actwity after gel eiectrophoresis. Two 100- 
nanogram samples of the stinmjiating factor purified through the four-step protocol r^erred to in Figs. 1-4 were 
separated by electrophoresis under non-reducing conditions in a 4-20% pdyacrytamide gel. One lane was 
stained using a silver staining Icit (left panel). The other was cut into eight strips (labeled A-H), and the proteins 
were electroeluted and tested on living MDA-MB^53 cells, by Western blotting, for the induction of neu receptor 
tyrosine phosphorylation. An autoradiogram of the Western blot is shown (right panel) and the location of the 
tyrosine phosphorylated neu receptor is indicated by an arrow ("none'-no protein added; load" - 100 nanog- 
rams of purified stimulating factor without electrophoresis). Densitometric scanning of the Western blot is given 
in the center panel, with the eight bars (A-H) coaesponding to stimulating factor activity eluted from each of 
the eight gel strips. 

Figure 7 shows amino-terminal sequences of the neu receptor stimulating factor of tiiis invention isolated 
using the purification protocol of Figs. 1-4, The primary sequence tiius obtained is shown in the upper row (7 A). 
A minor N-temninal variant, shown in the lower row (78), was also detected. Unassigned positions are indicated 
by -r. 

Figure 8 shows ttie neu receptor stinmjiating factor of this invention, under reducing and non-reducing con- 
<iitions, after electrophoresis in a gradient SOS-PAGE gel. Prior to electrophoresis the 50 ng samples were 
either treated with ^ercaptoetiianol reducing agent (2% vol.rvol.) at 100*»C. or separated without a prior treat- 
nient, as indicated by and respectively. The silver stained gel is shown wiUi the locations of the molecular 
weight marker proteins (BRL, Bethesda, MD). 

Figure 9 is an autoradiogram showing the effect of deglycosylation on the neu receptor stimulating factor 
<3f this invention. Radiolabelled stimulating factor was incubated with h4-glycanas , O-glycanase and/or 
neuraminidase. After eighteen hours the reactions were stopped by heating to QS^C in SDS-PAGE gel sample 
^er, Th samples were ttien subjected to SDS gel lectrophoresis (12% acryiamide), followed by exposure 
<rf th dried gel to fim for five houre. Locations of molecular w ight maricer proteins are indicated by bars and 
kilodaitons. 

Figure 10 shows that tyrosine phosphorylation is stimulated by picomoiar concentrations of the purified neu 
receptor stimulating factor. MDArMB^53 cells were ti-eated at 37*'C with the indicated concentrations of the 
stimulating fiactor fSFO purified through the four-step protocol d scribed abov , Cell lysates were prepared 
and subjected to Western blot analyses. The upper panel shows neu receptor phosphorylation detected with 
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Increased tyrosine phosphorylation is Induced by Increasing anrK3unts of stimulating factx, and is not due to 
vanat>le amounts of neu receptor In the ce^l (ysates. 

Figure 1 1 shows that the neu stimutatirtg factor('SF*) stimulates tyrosine phosphoryiaocn of neu receptor, 
txit not EGF-receptar. using two dtfTersnt carcinoma ceil lines (MDA*MB^53 and Ar431V The indicated cells 
wers treated with eihar 10 ng/ml of sdmutating factor or with 50 ng/ml of EGF. Immunoprcdpitation with anti- 
t)odies to neu receptor fneci-R*0 or to EGF receptor ("EGF-R*) occurred before gel eledrophcrssis and Western 
blotting with anti-phosphotyrosine antibodies;. 

Figurs 12 depcfis an autocBdiogram of eledrophoresed (SDS-PAGE) complexes of neu receptor and 
radiolabelled neu recaptor stimulating factor from two different human breast carcinoma cad lines (MDA-MB- 
453 and SK-BR-3). TTie complexes were chemicaity stabilized with a oosslinking reager^ TEGS'). The conv 
plexes wers subjected to immunoprecipitation with either an anti-neu receptor Cneu-ir) monodonal antibody 
or a control antibody. Arrowheads Indicate monomer (M) and dimer (D) forms. Fonmaticn of the complex was 
competed for by the addition of excess unlabeiied stimulating factor ("Excess Coid^. Locatcns of the molecular 
weight mailcars ars shown. 

Figurs 13 aiustrstss the growth inhibitory effects the stimulating factor on the MDA4i&453 human breast 
carcinoma cell line. MDA-MB-453 ceils were inoculated Into multi-welt culture dishes and after 24 hours their 
culture medium was replaced with semnvfree medium. This was supplemented with 5 ngM of EGF (squares) 
or 5 ng/mi of stimulating factor (cirdes). Control cultures (triangles) received no EGF or neu receptor stimulating 
factor. The dishes were then incubated at Sr^'C and on the indicated days ceQ numbers were determined m 
duplicate cultures. The averages and their ranges (bars) are shown. 

Figure 14 shows the distribution of DMA content in AU-565 carcinoma celts treated with the neu receptor 
stimulating factor of this invention. Cultures of the celts were treated with 6 ng/ml of the stinnilating factor for 
five days. A control culture was left untreated. DMA content in individual cells was then determined by using 
the Feulgen readioa Quantitation of the amount of DNA per cell was perfbnned by computerized image 
analysis with a CAS-200 Image Analyzer (Bacus. S. et al„ Molecular Carcinogenesis 2;Z5X^^, 1990). The 
numbers at the top represent the DNA Index, which was calculated by dividing the DNA content of each cell 
by the content of a reference human diploid cell at the QJQ<s stage of the cell cyde. The patterns are represeiv 
tative of at least twelve arbitrarily selected microscope fields (40X magnification). The top panel (A) represents 
control (untreated) ceils; the bottom panel (B) represents nea receptor stimulating factor-treated cells. 

Detailed Description Of The Invention 

In the following description, the invention will be illustrated with reference to specific methods and materials 
for testing samples for the presence of a stimulating factor of the neu receptor, and for the isolation and charac- 
terization of the stimulating factor. 

Antibodies 

A mor)odonal antibody to the kinase domain of neu receptor (Ab3) was obtained from oncogene Science 
(Uniondale, New York). A polyclonal rabbit antibody to the neu receptor carboxy tenminus was raised as des- 
cribed in Peles, E et al., £WeO J. 10:2077-2086 (1 991). THE M0PC-14t plasmacytoma antibody was obtained 
Sigma (SL t^uis, MO). Rabbit antibodies to phosphotyrosine were prepared and afTinity purified as des- 
cribed In Kamps, M.D. and Sefton, B.M., Oncogene 2z 305-316 (1988). A mouse monodonal antibody that rec- 
agnizes human p and x casein was obtained from R.C. Coombs, Charing Cross Medical School, London, 
England. 

Maintenance and Characterization of Ceil Lines 



The Rat1-EJ 1-1 ceil tin (ATCC ) was generated by transfectlon of the human EJ gen (an activated 

^ey res gene) into Rati fibroblasts as described in the literature (l^d, H. etal., Waft/re 304:596-602, 1983). 
After screening sbc tndepend nt, doned Rati -E J cell lines for production of neu receptor stimulating factor using 

neu receptor tyrosine phosphorylation assay described below, the Rati-EJ 1-1 cell lin was selected for 
bige-scale conditioned media production. AU-565 cells were obtained from the Cell Culture laboratory. Naval 
Biosciences Laboratory (Naval Supply Center, Oakland, CA). MCF7, SK-BR-3, A-431 and MDA-MB-453 cells 
obtained from th American Type Culture Collection (Rodcviile, MD). The cell lines were cultured in RPMI- 
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Conditioned Uedium 

^'^iT^^i!? "IS" "^'«°"«<l Ratl-EJ 1-1 cells we« a*«d firet In T-flasks, axnan- 

monolayer «cubatBd for e,gh t hours at 37-C with 

T^i^'t:^ ^ ^ C^S;^^ 

jU^.A««ndfbrty-e^hthourhan,estafccn^^^^^ 

mu Receptof Tyrosine Phosphorylaaon Assay 
KJr'^.'^"?f^.'^"^"'^P*°""'""'^''"9^««torbyassaym^ 

phosphoryiatKX, m Mng MDA.MB^ human breast cancer cells. These ceBs o^rexpress «eu recL^b^t 
^ .L^^ "'^ ■> 987). SamZo^ column fiSo,^ 
7 T bovine-semm albumin (isA, 1 mgAnl). iLe were addedrinSS 

™1 *^ """^ ""•^'"•^^ ^ x 1 0« MDA-MB^SS ceo, that had been IncubaC^ 

""^"^ "oun, priorto the assay. Each well contTiTs 

ml of PBS. FoBow ng five mmutes of incubation at -^Too ^:m. M. , a. ■ • """-«<««*inea u.i5 
i,«4w4 ww-wK. ^ A r., VToL^ ^ *® samples, the mecwm was aspirated and the 

^ S^k!^. « SDS-PAGE sample buffer with p-mercaptoetha^. The solubJized \^ 

w«e men herted for 5 minutes at 95-C. and one-third of each sample was subjected to electroph«SisTS? 
^£^jrr ^tJ^' 9e*-sepa.ted proteins wero electropho^tically'tiansferredTto .l^: 
purfied rabb* anbbody to phosphotyrosine was then added and the incubafon continued for 1 hour. Foe SeL 

ffl.S(?^!^K • ^ J T "'^^'^ ^ '"9'' performance luminescence detection film (HvS? 

^^Amsrsham) for thirty seconds to thirty minutes. For quantitation of the signals, parallel asSys we4 

k 1 J? expressed in relative phosphorylation units (RPU). where 1 unit 

8 the extent of phosphorylation induced by the hypertonic stimulation. 

"1-Labeling of Stimulating Factor 

•pJ^ <^ ^^^^ mdlolabelled with the amino group 

Tf^J^T^T^. '"o^^"' (Amersham. Ariington Heights. IL) according to published procedures (Bolton 
frc^i^er^r V^iln ^=^24-538. 1973). The stimulating factor was then separated fSm^ ' 

free reagent by gel nitration chromatography. The specific activity obtained was 8 x lO^ cpm/rT 

Ijpid VisualizatiQn 

the 6^^!!^ '^V^ ° Propylene Glycol- method was used to visualize neutral lipids, in accordance with 
«hedescnptH5nlnBacus.S.etal..Wote«//arCarc/nogenes/s3:350-362(1990). ccoraance w.th 

jUH nunocytochemical Staininn 

to iTaT 'ir'*^*^!? ^'"""°«=ytochemical staining with a mouse monoclonal antibody 

-wi^Hn I ^ ppf . ^ P'^'"^ component detached, the Lat^J 
nnsed w«. PBS. and the cells were fixed in ethand - formaldehyde solution (1 :1. vrv) at room tem^ 

^^^^t^TSr^ '^''^'^ phosphatase (Jackson Labs. West Grov . Pa), at a 1:200 

^'^^.^'^ Til '^^^'"''^ rinsed again wHh TBS and incubated for fift enmnuteswith 
and courier stained wrth CAS ONA stain (Cell Analysis Syst ms. Inc.. Elmhurst. IL). 
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Analysis Systerm. Smhurat IL) after being fixed for thirty minutes in periodate/lysin^ paraformaldehyde (1 :1 n 
volume ratio) and for sixty minutes in 1 0% n utralized formalin. 

Example 1. Purtficaaon of neu Receptor Stimulating Factor From Rat1-EJ M Conciacned Medium 

Forpuftfkatoof the nou receptor stimulating factor, 1 20 liters of Rati -€J 1-1 conc»oned media containing 
9.4 grams of poDteh were prepared from 500 roller IxDttles according to the descrSwi methods. The medium 
was deared fc>y fitration through 0.2 mkron filters and concentrated 31-fdd with a Peuccn ultrafiltration system 
using meml)ranes with a 20,000 dalton molecular weight cutoff. All sutjsequent protain purification steps werB 
performed using a Pharmacia FPLC system. 

Initial firactowtion of the concentrated conditioned nr^ia was base6 on the moderate affinity of the 
stimulating factor to heparin (Rg. 1 ). The concentrated material was allowed to flow drectiy through a column 
containing 150 ml of Heparin-Sepharose (Pharrracia) that had been pre-equflit)rat8d with PBS. The column 
was washed wih PBS containing 0.2 M NaC1 until no decrease in at«ort)ance at2S0 nm could t>e recortied. 
The bound proteina were eluted with a 250 nr^ 0.2 M to 1.0 M NaC1 gradient (indicatad by a dashed line in Rg. 
1). Five-millilitBf fractions were collected. The eluUon phase of this chromatographic scap is depicted in Rg, 1. 
Samples (0.1 frt) tasted for the presence of stimulating factor activity. In particular, &ving MDArMB-453 ceils 
which overexpress neu receptor were incubated with dialyzed samples <rf column fractions and the level of 
tyrosine phosphorylation of the receptor was nieasured by the use of the described tyrosine phosphorylation 
assay. The assay results for the indicated fraction numbers are shown as an autoradiogram (inset). Quantitative 
assay resulte (scan unite) obtained from an automated densitometer scan of the atrtoradiogram are plotted. 
The dosed cWes on the graph of the scan date correspond to the fractions assayed in the phosphotyrosine 
Western blot 

Hydrophobic interaction column chromatography was used to obtein additionai purification of the neu 
receptor stimulating factor (Fig. 2). Active fractions from Heparin-Sepharose cdumn runs (total volume 360 ml) 
were pooled, concentrated to 25 mi by using a YM10 ultrafiltration membrane (An^n, Danvers, MA), and 
ammonium sulfate was added to reach a concentration of 1.7 M. After clearance by centrifugation (10.000 x 
g; 15 minutes), the pooled material was loaded onto a Phenyi-Superose column (HR 10/10, Pharmacia), Col- 
umn bound material was eluted by a 45 ml gradient of decreasing ammonium sulfate concentration (1.7 M to 
0 mM) in 0.1 M Na2P04, pH 7.4 (dashed line in Fig. 2). Two-milliliter fractions were coflected and assayed (0.002 
ml per sample) with the described neu receptor tyrosine phosphorylation assay (inset). 

Ion exchange column chromatography was used to continue the stimulating factor purification (Fig. 3). Pro- 
teins from the Phenyf-Superose fractions 44 through 60 (0.88 mg of protein; 35 rri) were pooled, dialyzed 
against 50 mM sodium phosphate (pH 7.3) to remove salt, loaded onto a HR 5/5 Mono S cation exchange col- 
umn (Phanmada) that was pre^uiibrated with 50 mM sodium phosphate. The column was washed with stert- 
Ing buffer, then developed at a rate of 1 ml/min. with a NaQ gradent (dashed line). Column fractions were 
assayed at a 1 :50 dilution with the described neu receptor tyrosine phosphoryiation assay (inset). The stimulat- 
ing factor activity was eluted at 0.45-0.55 M salt in fractions 22 to 25 (2 ml each). 

The final column step used to obtain purified stimulating factor was metal chelate affinity column 
chromatography (Rg. 4). Proteins in the Mono S fractions 22 through 25 were pooled and loaded directly onto 
a 1 ml Hi-Trap Cu^ chelating Sepharose column (Pharmacia). Bound proteins were eluted with a 30-ml linear 
gradient of increasing ammonium chloride concentration (0-1 M; dashed line) and assayed for the induction of 
neu receptor tyrosine phosphoryiation in the described assay (inset). The stimulating factor eluted in fractions 
10 through 15 (0.05 to 0.2 M NH4a), which were found to contain a single peak of protein. 

This four-step column chromatography procedure yielded a purified protein with an approximate molecular 
vveight of 44,000 daltons in a reducing SDS-PAGE gel (Fig. 5). 0.01 ml aliquots of the indicated fractions were 
alectrophoresed in the 4-25% SDS-PAGE gel. which was then stained with a silver staining kit ftxjm ICN (Costa 
Mesa, CA). The presence of this protein in Cu^* chelating column fractions 10-15 correlates with the distribution 
^neo receptor stimulating factor in these fractions. Table I sunvnarizes the purification procedure. Protein con- 
centrations were determined witti a protein assay kit from BioRad (Richnxjnd, CA). Twenty micrograms of the 
purified protein were recovered with an overall purification of 35,1 15-fold and a 7.5% recovery. 
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Example Z Recovery of n u Receptor Stimuiating Factor After Gel Bedrophoresis. 

To oonfkm that the neu receptor stkruiating activity Is associated with the purified ptc«in Identified in the 
SDS-PAGE gel n Fig. 5, two 100^ samples of the protein purified by the method <rf Example 1 wens 
electrophoresed «i two lanes of a nonreducing. 4-25% SDS-PAGE gel (Fig. 6). One lr» was silver stained 
(left panel). The other lane was cut into eight horizontal strips (labelled ArH), and the proteins were eiectroelutBd 
from each strip of gei for three hours with 96 mM glycine and 10 mM Tris-Ha. pH 8.3. Foraiedroelution. YM10 
Centricons (Amicon Electroelution Apparatus) were used. The eiutlon buffer was exchanged with PBS using 
the Centiioon concentrators. Each eiuted taction was then assayed with the described neu receptor tyrosir>a 
phosphoryiation assay (right panel). Quantitative assay results are presented m the oencsr panel. The acthnty 
was recovered fiom gel slices that contained the approximately 44,000 daiton protein, indicating that the neu 
receptor sdmulating factor activity is due to this protein and no other. 

Example 3. Amino Tenninai Sequence of neu Receptor Stimulating Factor 

Although the neo receptor-stimulatory activity was associated with the major 44-klodaiton protein, the dif- 
fuse nature of the protein band raised the possibility that the active fraction contained more than one molectiar 
species with this mdecular weight To test this possibility, the active fraction resulting ton tite last purification 
step (Fig. 4) was subjected to direct anafysis of r4-temninal amino add sequence. A 5 pg sample (approximatsty 
100 ploomdes) of the purified material was concentrated to 0.2 ml by using an ultrafStretion ceil (Amicon) and 
a YM10 membrane prewashed with 0.05% SDS. The ^4-te^minal sequence analysb of the protein was perfor- 
med with a Model 477 protein sequencer (Applied Biosystems, Inc., Foster City, CA) equipped with an on-4ine 
phenyithiohydantoinyt (PTH-) amino add analyzer and a Model 900 data analysis system (IHunkapilar. M.W. 
et al., 'Methods of Protein Mioocharacterization," Shively, J.R. ed.. Humana Press, Qiflon, HJ, 1986, pages 
223-247). The protein was loaded onto a trifluoroacetic add-treated glass fiber disc precyded with pdyprene 
and NaCI. The PTH-amino add analysis was performed with a micro liquid chromatography system (Model 
120), using dual syringe pumps and reverse-phase (C-18) narrow bore columns (AppGed B'losystems. Z1 nnm 
X 250 mm). In one extended sequendng run, a major sequence was deariy identified through 23 cydes (Fig. 
7A). Two positions were unassigned due to lack of signals. A secondary sequence (approximately one-tentti 
of ttie primary signal), corresponding to 20 amino acids starting at the third amino add of the primary sequence 
(lysine), was also detectable (Rg. 78). The recovery of amino acids in the first three cydes of protein sequenc- 
ing was 85 pmdes for the major sequence. This high yield, together with ttie presence of an essentially single 
H-tenminal Amino add sequence, indicates that only one protein molecule, presumably induding glycosytation 
variants and minor N-terminai differences, comprised the isolated active material. 

Example 4. Stimulating Factor Contains Disulfide Bonds and Cartxahyrates 

The purified neu receptor stimulating factor of tiie present invention retained its molecular weight after 
reduction (Fig. 8). To directly analyze ttie contribution of sugare to the structure of the stimulating factor, tttis 
* protein was radiolabdied witti 125, and subjected to enzymatic deglycosylation. Tennanogram samples of 
radidabelled stimulating factor (8 x 10* cpm) were boiled for five minutes in PBS containing 0.1% SDS. The 
compound 3-{3-cholamidopropyl)-d'BTietiiytanrvnoniol-1 -propanesulfonate (CHAPS) was added to 2% final con- 
centration. 0.5 units of N-glycanase, O-glycanase and/or neuraminidase (Genzyme, Cambridge, MA) were then 
added and incubated with the factor for eighteen houra at 37'*C, The digested proteins were separated in a 1 2% 
^ SDS gel. This analysis (Fig. 9) revealed that N-glycanase, which releases asparagine^inked oligosaccharides 
at tile p-aspartytglycosylamine bond, reduced tiie molecular w ight of tti protein by only 1 to 2 kilodaltons. 
The effect <rf removal of Gal-p (1,3).Gal ^4Ac core disaccharides (with Oglycanase) was more extensive and 
led to an overall reduction of eight kUodaitons. In condusion, O-ilnked sugare donate about 1 5% of the nrxjlecular 
^ weight of ttie stimulating factor, whereas hWinked sugare contribute less ttian 5% of ttie apparent mass. 

Example 5. Activation of Human neu Receptor By Stimulating Factor 

Determination of th concentration dependence of neu receptor tyrosin phosphorylation stimulation 
'^vealed ttiat the neu receptor stimulating factor of H i l a i n venti on is biologically active at 1 ng/ml concentration 
(22 pM, Fig. 1 0). This concentration is similar to or ven lower ttian ttie effective concentrations of ottier growtti 

— v --^iiMW#.k A Artrt Pov Rrnr/iflm. S7:443- 
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neu mceptor activ*ioa Previously, tt W9s not possil)le to separate an EGF-receptor sfiniiatory activity from 
the neifepecific stknuiatory functioa This led to the suggestion (Lupu R. et al., Sc/ooca 2i9:1552-1555, 1990) 
that the putative net/ receptor stimulatinQ factor is also a ligand or stimulating factor for tf« EGF-receptor. The 
availatulity of a homogeneously purified protein enabled a direct biochemical analysis of this question. Receptor 
specificity was examined by testing the at>dity of the neu receptor stimulating factor to stimulate tyrosine phos- 
phorylation of the dosest relative of the nou receptor, namely the EGF-receptor. 

The results of this analysis are presented in Fig. 11. The neu receptor stimulating factor of this invention 
was able to stimiiata the tyrosine phosphorylation of ttie neu receptor In MD A-MB-453 human breast carcinoma 
ceils, but ft could not activate EGF-receptor-tyiosine In human A-431 epidermoid carcinoma cells. The latter 
was induced by the addition of EGF, thus Indicating Uiat the spedfidty of the neu receptor stimulating factor 
of tills invention is Rmited to the neu receptor. Nevertheless, a very small increase in EGF receptor tyrosine 
phosphorylation on treatment witti ttie stimulating factor could be seen after long exposures of ttie film to the 
Western blot IHowever, this might have been due to an indirect transreguiatory effiec: of the neu receptor 
stknulating factor on the EGF-receptor, In analogy to the well characterized reciprocal rtsraction (Stem, D.J. 
and iCamps, M.P., EMBO J. 7:995-1001. 1988; King C.R. et al,. EMBO J. 1:1647-1651. 1988; Kokai. Y et al., 
Proc. Nan. Acad. $d. USA 85:5389-5393. 1988). 

To further exdude the possibility of direct interaction between tiie neu receptor stimulating factor and the 
EGF-receptor, ti^e capacity of ttie isolated factor to inhibit the binding of radioiabelled EGF (10 ng/ml) to A-i31 
cells was tested. Whereas unlabeled EGF (100 ng/ml) Inhibited 90% of ^^s^-EGF binding, the neu receptor 
stimulating factor of ttiis Invention at 200 nqixxi showed no competition with radiolabeiled EGF, confirming its 
specifidty to the neu receptor. 

Example 6. Crosslinking of Stimulating Factor to neu Receptor. 

In tiie foregoing Examples, tiie stimulating factor of tiiis Invention was purified on the basis of its ability to 
increase the level of neu receptor tyrosine phosphorylation in cells. To further confimi that ttie stimulatory factor 
acts specifically on the neu receptor, a metiiod of covalent crosslinking was employed to stabilize tiie presumed 
stimulating factor receptor complex for analysis (Rg. 12). 

Monolayere of cells MDA-MB-453 or SK-BR-3 (3 x 10« cells) were incubated on ice for one hour with ^^1- 
30 labelled neu receptor stimulating factor (25 ng/ml) in tiie absence or presence of a 50-fold excess of unlabelled 
stimulating factor. The chemical crosslinker, etiiylene glycolbis (succinimidyi succinate) (Pierce. Rockford, IL) 
was ttien added to a final concentration of 5 mM and incubated with tiie ceils at 22*0 for 45 minutes. After wash- 
ing with PBS, the nrwnoiayere were incubated for ten minutes at 22**C witii a quenching buffer (1 00 mM glycine 
in PBS, pH 7.4). Following two additional washes with PBS, ceil lysates were prepared and tiie neu receptor 
^ r^eu-R*) was immuno-predpltatod with a monoclonal antibody (Ab3). An irrelevant mouse (plasmacytoma) 
antibody (MOPC-141 , •control*) was used as a control. The extensively worlced immunocomplexes were sepa- 
rated in a 6% SDS-PAGE gel, and the dried gel was exposed at -70**C to an X-ray fim with an intensifier. The 
procedures of immunopredpitation and gel electrophoresis are described m Goldman, R. et al.. Biochen)istry 
29:11024-11028 (1990). 

^ - The results of the analysis show that two protein bands were produced, witti moiecuiar weights of 230 
(minor spedes) and 500 kDa (major species), respectively. Botii protein complexes were immunoprecipitable 
with a monoclonal antibody to neu receptor, but not witii a non-specific antibody. This result identified ttie 230 
IcDa protein as a 1:1 complex of neu receptor and neu receptor stimulating fiactor. The additional molecular 
vweight band (approx. 500 kDa) most likely represents a dimer of neu receptor crosslinked to one or two 
* molecules of neu receptor stimulating factor. simBar to covalentiy stabilized dimera of the EGF-receptor 
(Cochet, C. et al„ J. Bhl. Ohem. 263:3290-3295. 1988). No labeled protein was detectable in ttie absence of 
crosslinking agent ("-"), indicating ttie non-covalent nature of ttie interaction between neu receptor stimulating 
factor and neu receptor. In addition, a large excess (50-fold) of unlabeled stimulating factor was found to conv 
pletely abolish ttie radk>active signal. Bas d on tiie competition by unlabelled stimulating factor, ttie molecular 
^ vvelght of ttie stimulating factor-containing complexes, and ttie recognition of the complexes by a neu receptor 
specific antibody, tt can be reasonably concluded ttiat the neu receptor stimulating factor of ttiis invention is a 
specific binding ligand for the n u receptor, or interacts with a molecule that intimately associates witii the neu 
receptor. 
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amstad ceEs (Bacus S, et aL. sygjg). Therefore, th ability of the homogeneouay purified neu recaptor 
stknt^ating fartor d thla Invention to Induce phenotypic changes in culturad huimn breast cancer cells was 
tested (Tal)le I). 
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For the expariments described k\ the Table. 0.4 x 10* AU.565 cells were inoaised into Lab-Tek chamber 
slides (Nunc) St 0.4 x 10* cells In 1-nH medium supplemented with 10% serum per chwiber. Twenty-four houra 
later, the stininng factor was add«d at the concentrations shown, and the cab were analyzed after four 
additional days. Cell numbers were detennined by hemocytometer chamber cou^ or by computer-aided 
image analysis. TTie nuclear area was measured with a CAS-200 Image Analyzv after DNA staining with 
Fueigen. Treatment of AU-565 cells, which overexpress new receptor, with 6 nghti d iie stimulating factor for 
four days, dramsiicaily increased the fraction of caUs displaying mature morphology (Som 10-20% in the abs- 
ence o<the facsor, to 90% In Hs presence). This phenotype included large nuclei and flat morphology and was 
accompanied by translocation of the neo receptor protein from the plasma membrm to a perinuclear tocaii- 
zation, as reveaied by immunocytochemical sfaining. 

Since matuation of mammary epithelium ultimately leads to synthesis and secwion of milk proteins and 
lipids (Topper. YJ. and Freeman. CS., Physiol. Rev. 60:1049-1106. 1980). calls ti«ated with the stimuiating 
factor were tested (br such changes. Indeed, the stiinulating factor-treated AU-565 ceds exhibited the appear- 
ance of large Fipid droplets, which were absent or much smaller In control (umreatecl cell cultures. Similarly 
the appearance of casein (types p and x) was observed in most of the the stimulating factor-treated cells (Table 
II). In addition to intracellular casein, inteicellufar sfaining of casein was detecfabie. rdicating secretion of this 
major milk protein. Half-maximal casein and lipid effecfa were achieved with 40 picomolar concentrations of 
the stimulating factor. In agreement with concentrations needed for activation of neu receptor tyrosine ohos- 
phoiylatfcMi (Fg. 10). f j h 

Expresston of dilferentlation-spedfic genes by the mammary gfand does not necessanly Involve inhibition 
of ceO growth (Schoenenberger. C-A. et al.. £WSO J. 7:169-175. 1988; Tavema. D. et al.. Growth Dm. 2:145- 
154. 1991). However, reproducible inhibitkin of cell proliferation was observed after treatment of human 
adenocarcinoma cell cultures with the purified stimulating factor of tills invention (Table II). This effect of ttie 
stimulating factor was concenlrationHjependent. and it was apparent as soon as twenty-four hours after treat- 
ment Analysis of DNA ploidy of tiie factor-treated cells revealed ttiat growth inhibSion was accompanied by a 
remariuUe Increase in DNA ploidy (Fig. 14). Incubation for 5 days with 6 ng/ml of stimulating factor yielded an 
overall 50% increase in ttie average content of cellular DNA. The largely bimodel DNA distribution reflected a 
large increase in the fraction of ceils in Uie Gj/M phase at tiie expense of G^yGo ceils. In addition to octapioidy 
the stimulating factor of ttiis invention induced even higher DNA polyploidy. These effects, togettier with the 
growtti inhibition, can be interpreted as indicative for a block in tiie S or the G^/M phases of the cell cyde and 
an uncoupling of DNA synthesis firom cell division. 

Practical Appifcations 

The mu receptor stimulating factor of ttie invention is expected to be useful in treating mammalian diseases 
and conditions of ceils expressing the neo receptor on Uieir surfaces. It s expected that ttie factor of Uiis Inven- 
tion wiU modulate tiie function of cells by stimufating and perhaps binding to ttie neu receptor on tiie surface 
of ttie cells, which will ttien alter intracellular signal transduction, leading to alteiaticn of cell function. 

For ttie treatment of tumore overexpressing ttie neu receptor on ttie surfaces cf the tumor cells, ttie factor 
of ttie invention, an anatog. a variant or an active fragment or portion ttierecf. is administered to ttie patient or 
to the site of ttie tumor where it is expected to have an effect on ttie tumor. Because of ttie factor's demonstrated 
utility as a growtti Inhibitor and as a difTerentiation factor for certain carcinoma cells, ttie factor is expected to 
alter properties, such as unregulated cell proliferation and undifferentiated phenotypes. of malignant tumors 
overexpressing neu receptor. Thus, tiie factor of this invention is expected to be useful in ttie ttierapeutk: ti-eat- 
ment of various types of tumors related to neu receptor expression, including breast, ovarian, prostate and gas- 
tnc carcinomas. 

The factor may also be combined witti subsfances such as radiolabeled molecules, toxins, cytokin s and 
ottier compounds used for tumor treabnent. in order to increas localization of ttiese compounds on tumors 
expressing high levels of ttie n u receptor for ttie reason already explained. 

Ottier biological r ttierap utic applications are also possible. For example, nomial human epittielial cells 
« ttie gastrointestinal, respiratory, urinary and reproductive tracts, as well as ttie skin, express tti neo receptor 
on ttieir surfaces (Press et al.. Oncogene 5:953-962. 1990). Subsfances which bind to. or interact wiU, ttiis 
receptor and alter ceU growtti or mefabolism would be useful in situations where cell repopulation is needed 
Le.. after physkal injury resulting in cellulard stiuction. orwhere it is desired to increas or stimulate mefabolic 
activities of tti cell or properties resulting from cell growtti and differentiation, e.g.. renewed hair growtti from 
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levels of the facto occurring in human disease states. For instance, such an assay can imoive contacting poiyc- 
k>nal or moooctond intibodies spedftc for the factor with a biological tissue or fluid sampie under conditions 
appropriate for reecSkm of the antitxxlies with the factor, and then determining the of antibody-antigen 
reaction (Le.. anfibody binding), such as by imniunochemical techniques, which Is kKicative of the amount of 
the factor In the san^e. The antibodies may also be used therapeutically to affect ce* proliferation as noted 
previousty. 

In another type of diagnostic assay, the stimulating factor of the invention can be taed to detect a nrwnv 
maiian tumor expressing neu receptor. For example, rablolabelled neu stimulating facaor can be administered 
to patients suspected of having tumore expressing neu receptor. Localization of the rswiabelled factor at the 
tumor site is indicative of the presence of tumor cells expressing neu receptor. 

The factor of the Invention wil be fonnulated and dosed according to the specific dsorder to be treated, 
the condition <rf the individual patient, the site of delivery of the fector, the method of administration, and other 
circumstances known to practitioners. Thus, for the purposes herein, an effective amount of the factor ts an 
amount that Is effecth/e to alter cellular proliferation and dtfTerentiation, or to prevent, iessen the worsening of, 
alleviate or curs the condition for which the factor is administered. 

The factor of the Invention may t>e administered to the mammal in combination with a phannaceuticaily 
acceptable earner, such as sterile water, saline solution or other buffer, or in an enxision. The factor of the 
Invention nwy be administered to the cells of the mammal expressing the neu recepccr on their surfaces by 
any convenientroutB, such as oral, Intravenous, subcutaneous, topical, and other modes of administration. The 
factor of the Invention la administered to the manrvnalian subject to be treated at a concentration and for a length 
of time sufficient to modulate the proiiferation and differentiation of the cells. The partiaiar concentration given 
will depend on such factora as the condition for which it is given, the age and weight cf the recipient and the 
mode of administration. 

The features disdosed in the foregoing description, in the following claims and/or in the accompanying 
drawings may, both separately and In any combination thereof, be material for realising the invention in diverse 
fbnms thereof. 



Claims 

1. Purified nwnmalian nea receptor stimulating factor. 

2. The factor of claim 1, which has a nwiecular weight of about 44,000 daitons as detennined by SDS-PAGE 
under reducing and non-redudng conditions. 

3. The factor of claim 1 , being a glycoprotein. 

4. The factor of daim 1 , which induces tyrosine phosphorylation of the neu receptor at concentrations of less 
than or equal to 22 picomolar. 

5. The factor of claim 1, having the ability to modulate cellular proliferation and differentiation. 

6. The factor of claim 1 , having the ability to inhibit proliferation of carcinoma cells. 

7. The factor of daim 6, wherein the carcinonwi ceils express neu receptor on the'r surfaces. 

8. The factor of daim 1 , which is isolated from the rat 

ft. The factor of daim 1, having the amino-tenninai amino add sequence of Figure 7A- 

10. Th factor of daim 1 , having the amino-temiinal amino add sequ nee of Figure 7B. 

11. A method of modulating cellular prdiferation and differentiation, comprising contacting Uie cells with an 
effectiv anKXjntof the factor of daim 1. 



12. The method of daim 1 1 which is carried out in a mammal. 

13. The method of daim 12 in which the mammal is a human. 



tha «tnrf£ira nf Hie tumor Cell?5 rnm- 
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prisJng «4Tunistering to a manvnai having such a tumor an amount of the SKtor of daim 1 eflfective to 
reduce turxy growth. 

15. The me<hod of daim 14 wherein the mammaJ ie a human. 

16. The me9)od of daim 15, wharein the tumor ts a breast, ovarian, prostate or gastric cardnoma. 

17. The med)od of daim 16, wherein the factor of daim 1 is used in conjunction wih one or more substances 
selected from cytotoxic mdacules. 

1 8. The method of daim 1 7, wherein the cytotoxic molecules are radiolabeied moiecules, toxins and cytokines. 

19. A method erf diagnosing a niammalian tumor expressing neu receptor on the surface of the tumor cells, 
co mprising contacting suspected tumor ceils with the factor of daim 1 and measuring the binding activity 
of the neu factor, whereby the presence of such activity indicates the presence of tumor cells expressing 
the neu receptor. 

20. An antibody specific for the factor of daim 1 . 

21. An assay for detecting the level of the factor of daim 1 , comprising contacting antibodies specffic for the 
factor wfth a biological tissue or fluid sample under conditions appropriate fer reaction of the antibodies 
with the factor, and detenmining the level of antibody-antigen reaction as tfxficative of the amount of the 
factor in the sample. 

22. The assay of daim 21 In which the antibodies are pdydonaL 

23. The assay of daim 21 in which the antibodies are monodonal. 

24. A nwthod of producing purified mammalian neu receptor stinrtulating factor, comprising subjecting media 
which has been conditioned by ras-transfonmed fibroblasts to at least three of the following four steps: 
heparin affinity chromatography, hydrophobic interaction chromatography, cation exchang 
chromatography and metal chelate affinity chromatography. 

25. The method of daim 24 which comprises the following four steps, in series: 

a) heparin affinity chromatography; 

b) hydrophobic interaction chromatography; 

c) cation exchange chromatography, and 

d) metal chelate affinity chromatography. 

26. The product produced by the process of daims 24 or 25. 

27. An analog, variant or active fragment of the factor of daim 1 having substantially the same biological 
activity as the factor. 



EP 0 505 148 A1 




(_) 092 y 



EP 0 505 148 A1 

( - 'W )^0S2(^HN) 




(_) 082y 



EP 0 505 148 A1 



( ~*W ) lO^HN 




(-) 09Zy 



EP 0 505 148 A1 




EP 0 505 148 A1 




EP 0 505 14a A1 



FIG. 7A 
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FIG. 7B 



EP 0 505 148 A1 




EP 0 505 148 A1 



N-Glycanase: 
0-Glycanase: 
Neuraminidase: 




FIG, 9 



EP0 505 148 A1 




FIG. 10 



EP 0 505 148 A1 




FIG. II 



EP 0 505 148 A1 



T I 1 1 r 




I 1 1 i I I I 

0 12 3 4 5 6. 

DAY 



FIG. 13 



EP 0 505 148 A1 



12 4 8 




DNA MASS (picograms) 

FIG. 14 



EP 0 505 148 A1 



Europem Patent PARTIAL Eli ROPE AN SEARCH REPORT 

Office "^^^^ ^® European Patent Convention 

shall be considered, (or the purposes of subsequent 
proceedings, es the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



of r-*— — — ^ 



Application Aum«»w 



EP 92302291.7 



CUSSnCATIOH OF THC 
AmCATlON tM on 



CHEMICAL ABSTRACTS, vol. Ill, 
no. Ir ^uly 3« 1989, 
Columbus t Ohio, USA 
YARDEN Y03EP et al, 
"Experimental approaches to 
hypothetical hormones: 
detection of a candidate 
llgand of the neu protoonco- 
srene" 

page 80. column 2, 

abstract-no . 87 5 z 

& Proc. Natl. Acad .Sci. USA 
1989, 86(9). 3179/83 

CHEMICAL ABSTRACTS, vol, 113, 
no. 11. September 10, 1990, 
Columbus, Ohio. USA 
WADA TAKURO et al. "Inter- 
molecular association of the 
plSSneu protein and EGF 
receptor modulates EGF 
receptor fxinctlon." 
page 138, column 1, 
abstract-no. 91 965 j 



1-11. 
19-27 



1-11, 
19-27 



INCOMPLETE SEARCH 



The SMrdi Qvition onaitfon that m« protont 6urop«tn patont application dots noi oompty mtti 
lha pro«liiont of th« Europoan Patant ConvanHon to sucn an axtant that it Is not posaiWa to carr^ 
out a maanmgftii aaarch mtD tha ftata of tha art on the baais of toma ol tha cialma. 
0«imsseardiadcomplcta«y: 1— 10« 20-27 
Oaims taarcAad incompl«t«ty: 19^*** 
Claims not saarchad: 12—18^ 
Reason for the fimnation of ttt« search; 

* Art.52(4)EPC; method for treatment of the htunan 
or animal body by therapy 

Art.52(4)EPC; diagnostic method practised on the 
human or ainlmal body 



C 07 K 15/06 
C 07 K 3/20 
C 07 K 15/28 
A 61 K 37/02 
G 01 N 33/574 



TCCHMCAt. FICU3S 
SCAACHCD IM o^ 



C 07 K 15/00 
C 07 K 3/00 
A 61 K 37/00 



X ; 
Y ; 

A 

O 

P ■ 



lof 

VIENNA 



Os(e of completion of the aavch 

01-06-1992 



SCHARF 



CATEGORY OF tXTBO DOCUMENTS 

particularty ralavanC if takan alona 
partioularty ralavanC if oomt>inad with another 
dooumamof tt>a aama eatagory 
tachnoto qi cal background 
non-wrfttan dfacfoaura 



T : thaoryorprinctplaundartyingtha«i«vantk>n 
E : aartiar patant document txit pubKshad on, or 

aftarthaflUng data 
O: documantdtad in the application 
L : doaimamdtod for other raaaons 

& : member ofTria same patent family, corraaponding 
documttnt 



EP 0 505 148 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



-2- 

EP 923C2291.7 



OOCUMENTS CONSIDERED TO BE RELEVANT 



& Cell 1990, 61(7), 1339-47 

CHEMICAL ABSTRACTS, vol, 112, 
no- 19. May 7, 1990. 
Colisnbus. Ohio. USA 
FENDLY BRIAN M. et al. 
•Characterization of murine 
monoclonal antibodies reac- 
tive to either the hiiman 
epidermal growth factor 
receptor or HER2/neu gene 
product, " 

page 550, colxomn 1. 
abstract-no. 176 642 f 

& Cancer Res, 1990, 50(5), 

1550-8 



OASSRCATKM Of THE 



1-11. 

19-27 



TECHMCALnCLOS 
SeAAC»C0(lRL(X4) 



